Objective-To test the hypothesis that kidney stone disease is more frequent among hypertensive men when the effect of possible confounders is allowed for.
Introduction
Naturally occurring urolithiasis is rare in animals; nevertheless, spontaneously hypertensive rats are prone to develop kidney stones.' The mechanism of this association is not known and similar data in humans are scanty. A report by Tibblin more than 20 years ago suggested that 50 year old men with high blood pressure experienced kidney stone disease more often than normotensive men of the same age. Many studies of patients with urolithiasis have now been carried out world wide'"2but none has investigated the possible role of arterial hypertension.
A few years ago we showed that hypertensive patients have an increased 24 hour urinary calcium output due to defective tubular reabsorption of calcium.' Hence, given that hypercalciuria is by and large the most common causal factor in the genesis of urolithiasis, '4 we hypothesised that these patients might be liable to kidney stone disease. On this ground we decided to test the hypothesis that kidney stone disease would indeed be more frequent among hypertensive subjects in a population based survey of male workers after allowing for the effcL of several possible confounders.
Population and methods
The study was carried out at the Olivetti factory in Pozzuoli, a suburban area of Naples. The factory employs mainly men. Venous blood was taken (after the blood pressure measurements) with the subject seated and without stasis between 0800 and 1100 for determination of serum electrolyte, creatinine, total calcium, and urate concentrations by standard methods.
A questionnaire administered by one trained observer unaware of the man's blood pressure included BMJ VOLUME 300 information on socioeconomic state, lifestyle, dietary habits, and family history of cardiovascular and renal diseases. A detailed and fixed sequence of questions aimed at detecting a history of upper urinary tract stones. As we could not distinguish between kidney and ureteric stones we use the term "kidney stones" as synonymous with upper urinary tract stones. Men were classified as having a history of kidney stones if they met one or more of the following criteria: (a) characteristic clinical findings judged by a physician at the time of symptoms, with available medical records (clinical criteria were one or more episodes of the sudden onset of excruciating flank pain radiating downwards towards the groin (with or without painful haematuria) and the detection of calcium oxalate or urate crystals on urine analysis); (b) spontaneous passage of a stone; (c) x ray or ultrasonic evidence of stones in the upper urinary tract; (d) operative removal of stones from kidney or ureter.
Statistical analysis-Analysis of variance with Duncan's test for multiple comparison was used to test differences between means and analysis of covariance used to obtain adjusted frequencies for possible confounders. The Wilcoxon rank sum test was used to test differences between median values of several variables in groups with and without a history of kidney stones.
X2
Cross tabulation statistics, with Yates's correction when necessary, were used to test differences between frequencies. In addition, the odds ratio and 95% confidence interval were taken as an approximate estimate of the relative risk of the disease (definite history of kidney stones) associated with exposure to the factor (hypertension).2' The Mantel-Haenszel pooled estimate of the odds ratio and 95% confidence interval were also used in stratified analyses to control for the effect of age." Two tailed p values less than 005 were taken as significant.
Results
The prevalence of hypertension in this sample of men was 26 0% (179/688), and 8-9% (61/688) of the men were receiving pharmacological treatment for high blood pressure at the time of screening. Most of the treated hypertensive participants (37/61) were taking diuretics (thiazides in 35 cases) either alone (17/ 61) or in combination with other antihypertensive The relative risk of men with both untreated and treated hypertension having a history of kidney stones was more than twice that of normotensive men drawn from the same population (odds ratio 2 11; 95% confidence interval 1 17 to 3-8 1). Men in the treated hypertensive group (presumably those with more severe hypertension) had a relative risk of having a history of kidney stones over three times higher than that of the normotensive men (odds ratio 3 16; 95% confidence interval 1 75 to 5 71). Table II shows that the prevalence of a history of kidney stones increased with age. Participants with a history of kidney stones were significantly older than those without such a history (p<0001), but comparisons of other potentially confounding variables (table III) showed no significant differences. Table IV shows the prevalence of a history of kidney stones in normotensive and untreated and treated hypertensive men adjusted for the confounding effect of age. The adjusted prevalence remained higher among participants with hypertension (treated group 29%, untreated group 18%) than among the normotensive men (14%) (F=4 54; p<0 011 (analysis of covariance); table IV). This pattern was unchanged when the effects of body mass index and serum creatinine, urate, and total calcium concentrations were accounted for (F=4-58; p=0 011 (analysis of covariance)).
The age adjusted relative risk of men with hypertension having a history of kidney stones remained BMJ VOLUME 300 nearly twice that of normotensive men (MantelHaenszel pooled estimate of odds ratio 1 79; 95% confidence interval 1 53 to 2 09). In treated hypertensive men the Mantel-Haenszel pooled estimate of odds ratio for the age adjusted relative risk was 2 63 (95% confidence interval 2 23 to 3 10). 
Discussion
This population based survey provides evidence of a clinical association between kidney stone disease and arterial hypertension and of the independence of this association from such potential confounders as age, body mass index, hyperuricaemia, and hypercalcaemia. Although a history of kidney stones was definitely related to the age of the subjects at the time of interview, the association of such a history with arterial hypertension remained highly significant after controlling for age. This agrees with a preliminary report from a similar study in central Italy.2'
The study also indicates that hyperuricaemia is not a major factor in the higher prevalence of urolithiasis in hypertension. Though these patients may have a higher serum concentration24 2' and an increased filtered load26 of uric acid, they also have an enhanced reabsorption of urates in the proximal tubule. 26 The prevalence of urolithiasis in our population increased stepwise from the normotensive state to the untreated hypertensive state and to the treated hypertensive state. This feature is consistent with the hypothesis that an as yet undetermined pathogenic factor linking high blood pressure and kidney stones was operating in relation to the severity of the hypertension (or was more prevalent in hypertension of severe degree). That the hypertension was more severe in the treated group than in the untreated group was plainly evidenced by the similar mean blood pressures in the two groups (that is, despite treatment).
What, then, might be the pathogenetic factor linking urolithiasis with hypertension? Hypercalciuria represents the most important risk factor for urolithiasis in adults.'4 We first reported increased 24 hour urinary calcium excretion and a higher prevalence of "hypercalciuria" in patients with essential hypertension'3 after McCarron et al had found increased calcium output in "spot" urine specimens. We also found a reduced urinary magnesium to calcium ratio in hypertensive patients"6 and showed that urinary calcium excretion was higher in these patients at any value of serum ionised calcium, suggesting a primary renal calcium leak as the cause of the hypercalciuria, as also confirmed by higher serum parathyroid hormone concentrations. '7 The hypothesis that this renal abnormality was the mechanism linking hypertension with urolithiasis is attractive, especially given the exclusion of most other confounding factors. But cause and effect relations are not proved by statistical associations, and, moreover, the possibility that renal damage caused by stones might contribute to hypertension in some cases, though unlikely, cannot definitely be ruled out.
There is need for a prospective investigation to determine the incidence of urolithiasis and identify specific risk factors for this complication in hypertensive patients. Identifying predisposed patients and implementing preventive measures might substantially reduce the social costs of the disease.
